Abstract. Based on the Biot-Savart law, a magnetic model on the metal magnetic memory (MMM) of a rectangular parallelepiped ferro-medium is proposed, by which inner magnetization can be determined in the magnetic flux leakage (MFL). The predicted curve of the model is identical with the MFL test of a metal specimen in simple tension. The model will play a role in the MFL technology in nondestructive test on metal specimens.
Introduction
In recent years, the metal magnetic memory (MMM ) testing technology was widely studied for distinguishing the stress concentration areas nondestructively in ferromagnetic materials, which has been preliminary used in the detection of steel components such as pressure vessel, steam pipelines, weld assembly, etc. Many experiments showed that stresses have some effects on magnetic memory signal on surface of a metal specimen, i.e. magnetic flux leakage (MFL). Because relation between MFL and stress level is a basic problem, many experiments were done. Wilson, et al [1, 2] , used a three axis magneto-resistive magnetic field sensor to measure the residual magnetic fields parallel to the applied stress and the material surface, and perpendicular to the material surface generated by the magneto-mechanical effect without the application of an external field. Stupakov, et al [3] did the similar tests. Li, et al [4] gained the magnetic memory signal data in fatigue experiments to 16MnR base metal specimens. Dong, et al [5, 6] showed that the normal component of magnetic memory signals depends on the applied stress. Shi, et al [7] showed that normal component of scattering magnetic field of 18CrNiA steel in static tension is linear. Experiments of Roskosz and Bieniek [8, 9] show that magnetization depends on type of material, strength of magnetic field, magnetic history, strain and temperature. Li and Xu [10] measured surface magnetization on 1045 and A3 steel samples uniaxially deformed to different magnitudes of plastic strain. Leng, et al [11] explored magnetic memory signals of mild steel under uniaxial tensile stresses approaching and exceeding the macroscopic elastic limit and after unloading.
The magnetic field around a specimen comes from inner magnetization. But we are not able to measure the inner magnetization density directly in experiment. What we can detect is just the magnetic field around a specimen. Therefore it is a problem how to determine the inner magnetization density based on the information of magnetic field around a specimen, i.e. MFL. The author [12] proposed a magnetic model on MMM of a circular cylinder ferro-medium. In this paper, this model is generalized to a rectangular parallelepiped.
The basis is simply introduced as follows. A solid angle of an area element ds to a fixed point C in Figure 1 is defined as
where P is the position vector of the area element ds , P is length of the vector P , and symbol ' ⋅ ' is the scalar product of two vectors. In Eq.1, we have gradient of the solid angle with respect to P ( )
According to the Biot-Savart law, contribution of the magnetic induction strength of the small element ds with a current circle dI in Figure 1 to the point C is
where µ denotes magnetic conductivity ratio. 
Magnetic Induction Strength of a Differential Element
where i , j and k are the unit vector along axis x , y and z , respectively.
According to the Amper's current circle thesis, the magnetization comes from many current circles in the ferro-medium. We suppose that there is a current circle dI around the point D on surface of the differential element in the ferro-medium as shown in Figure 3 . We have the current
where M is the value of the magnetization at the point D . M can be an increase of magnetization caused by stress or deformation of the specimen. The area element ds in Figure 3 is 
Substituting Eqs.5,8 into Eq.3, we have contribution of the magnetic induction strength of the differential element in Figure 3 to the point C in Figure 2 ( ) 
Normal Magnetic Induction Strength to Surface of the Ferro-Medium
In Eq.9, components of dB in direction of x is ( )( )
Suppose M is a constant, we have components of the magnetic induction strength of the point C in direction of x by integrating Eq.10 on the rectangular parallelepiped in Figure 2 
where 
By the MFL, we can detect x c B z curve on the central line on surface of the specimen. By the tangent of x c B z curve, we can get the magnetization M of by Eq.16.
Comparing with Experiment
Because the inner magnetization of the ferro-medium is hard to detect in experiment, we suppose that the inner magnetization distributes uniformly in the specimen when the stress distribution is uniform, i.e., the magnetization M in Eq.11 is a constant. For a specimen in simple tension in Wilson, et al [1, 2] , curve of f in Eq.12 is shown in Figs For a specimen in simple tension in Stupakov et al [3] , curve of f in Eq.12 is shown in Figure 6 . For different lift-out value of the sensor over surface of the specimen, i.e. for different c x , curves of 
Summary
Based on the Biot-Savart law, a magnetic model on the metal magnetic memory (MMM) testing of a rectangular parallelepiped specimen is proposed. The theoretical curve is qualitatively identical with the test of a specimen in simple tension by other researchers. By this model, we can determine the inner magnetization of a rectangular parallelepiped ferro-medium by MFL.
